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ABSTRACT: The increasing adoption of cloud platforms across enterprise and healthcare domains has amplified the
need for scalable, secure, and intelligent data architectures capable of handling large volumes of sensitive information.
Traditional cloud security mechanisms often struggle to provide real-time threat detection and governed data access in
highly distributed environments. This paper presents a scalable secure cloud framework that integrates Al-driven
intrusion detection systems (IDS) with an API-based data lakehouse to support enterprise and healthcare platforms. The
proposed framework combines cloud-native scalability, intelligent network monitoring, and API governance to enable
secure data ingestion, storage, and analytics while ensuring regulatory compliance and operational resilience. Al-driven
IDS components continuously analyze network and system behavior to detect anomalies and potential attacks, while
the API-governed data lakehouse enforces controlled data access, interoperability, and quality assurance. Experimental
evaluation and architectural analysis demonstrate that the framework improves threat detection accuracy, enhances data
governance, and supports high-throughput analytics, making it suitable for large-scale, security-sensitive enterprise and
healthcare applications.
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I. INTRODUCTION

Cloud computing has revolutionized information technology by offering on-demand access to computational resources,
storage, and services without heavy capital investment in physical infrastructure (Armbrust et al., 2010). In enterprise
and healthcare systems, cloud platforms have become central to digital transformation strategies, enabling scalable data
management, analytics, and service delivery. Particularly, healthcare ecosystems leverage cloud services to store and
process vast volumes of electronic health records (EHR), medical images, and real-time patient data from Internet of
Medical Things (IoMT) devices.

Despite the clear benefits, cloud adoption presents challenges, notably in security, privacy, and interoperability.
Healthcare organizations must comply with strict regulatory frameworks (e.g., HIPAA in the United States, GDPR in
Europe), demanding robust security controls. In contrast, enterprise systems often contend with large heterogeneous
datasets and complex service integrations. A common architectural challenge is balancing openness and integration via
APIs with security imperatives that prevent unauthorized access and breaches (Zhang et al., 2011).

To address these needs, modern cloud architectures are evolving beyond traditional data warehouses toward data
lakehouses, a hybrid paradigm that supports both structured and unstructured data alongside analytics and governance
(Gartner, 2020). When integrated with real-time security controls such as Intrusion Detection Systems (IDS), a data
lakehouse can serve as a central secure repository. IDS mechanisms detect malicious activities within the network and
cloud resources, enabling automated or human-driven responses to anomalies (Scarfone & Mell, 2007).

APIs are critical to ensuring interoperable and scalable service interfaces across cloud services, third-party applications,
and device ecosystems. API engineering practices—including APl gateways, token-based authentication, rate limiting,
and encryption—enhance system agility while enforcing security boundaries (Lumb, 2019). Combining API
engineering with secured data lakehouses and IDS thus forms a comprehensive architectural approach promising robust
performance and security.
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The objective of this research is to propose a secure, resilient, and scalable cloud architecture designed for large-scale
enterprise and healthcare systems. The architecture seamlessly integrates an IDS-governed data lakehouse with API
engineering to support secure data ingestion, processing, analytics, and interoperability. The proposed design
emphasizes modular components, real-time threat intelligence, standardized APls, and compliance mechanisms aligned
with industry standards.

In the following sections, we present a literature review that surveys relevant research in cloud security, IDS
integration, data lakehouses, and API engineering. Then we describe the research methodology used to design and
evaluate the proposed architecture, followed by results, discussion, and concluding insights. Finally, we suggest future
research directions and practical applications.

The adoption of cloud computing has transformed the way enterprises and healthcare organizations manage, process,
and analyze their data. Cloud computing offers elastic scalability, high availability, and cost efficiency, making it an
ideal solution for handling the increasing volume and complexity of enterprise and healthcare data. In healthcare
systems, cloud platforms facilitate the storage and processing of sensitive medical records, imaging data, and real-time
information from Internet of Medical Things (IoMT) devices, which can enhance patient care and operational
efficiency. Similarly, enterprise systems leverage cloud environments to centralize large-scale operational data, enable
business analytics, and support complex decision-making processes. Despite these advantages, cloud adoption
introduces significant security, privacy, and governance challenges. The sensitive nature of healthcare data, combined
with strict regulatory requirements such as HIPAA and GDPR, demands robust security mechanisms. Enterprise
systems, while not always as tightly regulated, must also ensure data integrity, secure interoperability, and protection
against cyber threats, making security a top priority for cloud architecture design.

Traditional cloud architectures often separate data storage, analytics, and security mechanisms, leading to potential
vulnerabilities and inefficiencies. Monolithic approaches to cloud systems fail to provide sufficient granularity in
access control, real-time threat detection, and modularity required by modern enterprise and healthcare applications. To
address these issues, a secure, scalable, and modular cloud architecture is essential, integrating advanced security
mechanisms with a data-centric approach. This research proposes a cloud architecture that incorporates an Intrusion
Detection System (IDS)-governed data lakehouse with API engineering principles, enabling secure data
management, processing, and interoperability. The architecture leverages real-time monitoring, standardized APIs,
modular microservices, and governance mechanisms to balance performance, security, and compliance.

At the core of the proposed architecture is the data lakehouse, a hybrid data storage paradigm that combines the
flexibility of a data lake with the structured querying and governance of a traditional data warehouse. Unlike
conventional data lakes, which may lack metadata management, governance, or performance optimization for analytics,
the lakehouse ensures reliable storage of structured, semi-structured, and unstructured data while supporting analytical
operations. In healthcare contexts, this allows for secure storage and analysis of electronic health records, imaging data,
and streaming patient metrics. In enterprise systems, it supports transactional data, logs, and business intelligence
workflows. The data lakehouse is further fortified through the integration of an IDS, which continuously monitors
network traffic, user activities, and application-level events to detect potential security breaches, anomalous behavior,
or malicious activities. By embedding the IDS within the architecture, real-time threat detection and proactive incident
response become possible, significantly enhancing the system’s security posture.

Il. LITERATURE REVIEW

Cloud Security and Healthcare Systems: Research shows that healthcare adoption of cloud services improves
operational efficiency but must be tempered by robust security frameworks (Chen et al., 2010). HIPAA compliance and
data privacy considerations have driven research into secure cloud design patterns (Takabi et al., 2010). Threat
modeling and access controls are necessary to mitigate data breaches (Wang et al., 2014).

Intrusion Detection Systems (IDS): IDS play an essential role in identifying security incidents in cloud environments.
Scarfone and Mell (2007) provided foundational taxonomy for IDS types—network-based, host-based, and hybrid
systems. Advancements include machine learning-based IDS models improving detection accuracy (Sommer &
Paxson, 2010).

Data Lakehouses: Traditional data lakes lacked governance and performance for business analytics, motivating the
emergence of lakehouse architectures that unify data warehousing principles with big data flexibility (Gartner, 2020).

IJCTEC® 2025 | AnI1SO 9001:2008 Certified Journal | 101



http://www.ijctece.com/

International Journal of Computer Technology and Electronics Communication (IJCTEC)
| ISSN: 2320-0081 | www.ijctece.com ||A Peer-Reviewed, Refereed and Bimonthly Journal |

|| Volume 8, Special Issue 1, November — December 2025 ||

DOI: 10.15680/IJCTECE.2025.0806817

Researchers highlight governance, metadata management, and data quality as critical features (Stonebraker &
Cetintemel, 2011).

API Engineering and Security: APIs serve as connective tissue among cloud services and external applications. Best
practices for API security include OAuth 2.0, OpenlD Connect, APl gateways, and encrypted transport layers
(Fielding, 2000; Lumb, 2019). Rate limiting and token management further protect APIs from abuse (Pautasso et al.,
2017).

Integration of Security and Architecture: Multi-layered security frameworks incorporating IDS with APIs and data
governance have been advocated for enterprise cloud deployments (Kandukuri et al., 2009). Holistic models emphasize
defense-in-depth across network, application, and data layers (Jansen & Grance, 2011).

Overall, gaps remain in architectures that unify secure storage (lakehouse), real-time threat detection (IDS), and
scalable interoperable APIs—especially in healthcare contexts where data sensitivity is high.

I1l. RESEARCH METHODOLOGY

Research Design: This study adopts a design science research (DSR) methodology to create and evaluate an artifact—
a secure cloud architecture integrating 1IDS-governed data lakehouse and API engineering. The artifact is developed
iteratively, with evaluation via simulation and performance metrics.

Architectural Components:

1. Cloud Infrastructure Layer: Virtual network, compute instances, and storage services provisioned in a cloud
provider environment (e.g., AWS/Azure/GCP).

2. Data Lakehouse: A unified repository constructed using tools like Delta Lake or Apache Iceberg to support batch
and real-time data.

3. Intrusion Detection System: Network and host IDS components integrated via agents and traffic mirroring, with a
security information and event management (SIEM) dashboard.

4. API Engineering Layer: APl gateway, authentication server, microservices, and developer portal, using RESTful
principles and OAuth 2.0.

Security Mechanisms: Role-based access control, encryption at rest and in transit, tokenized API access, anomaly
detection modules, and log aggregation.

Simulation and Testing: Scenarios are constructed to emulate typical enterprise and healthcare workflows, including
EHR ingestion, IoMT data streams, analytics queries, and third-party API access. Security events such as simulated
attacks (e.g., DDoS, SQL injection) test IDS response effectiveness.

Evaluation Metrics:

Security Effectiveness: Detection rate, false-positive rate, response latency.
Performance: Throughput, latency for data queries, API response times.
Scalability: Horizontal load handling and elasticity under simulated load spikes.
Compliance Readiness: Logging completeness, audit trails, policy enforcement.

Data Collection and Analysis: Metrics logged and analyzed using statistical methods to compare baseline (without
IDS/API enhancements) vs. proposed architecture.

Validity and Reliability: Simulation configurations and test cases are repeated across multiple runs. Cross-validation
used for machine learning-driven IDS models.
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Figure 1: Framework Architecture of the Proposed method

Advantages

0O Enhanced Security through IDS Integration

The integration of an Intrusion Detection System (IDS) within the cloud architecture provides real-time monitoring of
network traffic, application behavior, and user activities. This enables early detection of malicious activities, including
unauthorized access, malware, and data exfiltration attempts. In healthcare systems, where patient data confidentiality
is critical, IDS ensures continuous surveillance of sensitive information, reducing the risk of breaches and ensuring
compliance with regulations like HIPAA and GDPR. Enterprise systems similarly benefit from protection against
insider threats and external attacks.

0 Unified Data Management via Data Lakehouse

The data lakehouse combines the flexibility of a traditional data lake with the governance and performance capabilities
of a data warehouse. This enables enterprises and healthcare organizations to store, manage, and analyze both
structured and unstructured data in a centralized repository. Advanced analytics, Al, and machine learning workloads
are supported efficiently, allowing organizations to derive actionable insights from large datasets while maintaining
data integrity and quality.

0O Scalability and Elasticity

The architecture is modular, allowing horizontal scaling of compute, storage, and microservices layers independently.
For enterprises handling fluctuating workloads or healthcare systems with varying loMT data streams, this ensures high
availability and optimal resource utilization without over-provisioning or performance bottlenecks.

0 Secure Interoperability via APl Engineering

APIs provide standardized interfaces for communication between cloud services, third-party applications, and
loT/IoMT devices. API engineering practices—such as OAuth 2.0 authentication, APl gateways, and rate limiting—
ensure secure access control and protection against abuse. This facilitates integration with external systems while
maintaining strict governance over sensitive healthcare and enterprise data.

0 Regulatory Compliance and Governance

The architecture incorporates logging, auditing, and access control mechanisms that support compliance with
healthcare regulations and enterprise data policies. Role-based and attribute-based access controls, combined with
encryption in transit and at rest, ensure that sensitive data is accessed only by authorized entities, reducing legal and
operational risk.

IJCTEC® 2025 | AnI1SO 9001:2008 Certified Journal | 103



http://www.ijctece.com/

International Journal of Computer Technology and Electronics Communication (IJCTEC)
| ISSN: 2320-0081 | www.ijctece.com ||A Peer-Reviewed, Refereed and Bimonthly Journal |

|| Volume 8, Special Issue 1, November — December 2025 ||

DOI: 10.15680/IJCTECE.2025.0806817

O Improved Analytics and Decision-Making

Centralizing data in a lakehouse allows for unified analytics workflows, enabling predictive modeling, Al-driven
decision support, and real-time insights. In healthcare, this can improve patient outcomes through predictive diagnostics
and operational efficiency. Enterprises benefit from enhanced business intelligence, trend analysis, and strategic
decision-making.

0 Resilience and Fault Tolerance

The modular and multi-layered design ensures fault isolation, redundancy, and automated recovery mechanisms. IDS
can detect abnormal system behavior, triggering automated alerts or failover procedures. Combined with cloud-native
elasticity, this ensures high uptime and business continuity.

Disadvantages

O Increased Complexity

The integration of IDS, data lakehouse, and API layers increases architectural complexity. Designing, deploying, and
managing multiple interconnected components requires skilled personnel and careful coordination, especially in
healthcare systems with strict compliance requirements.

0O Higher Operational Costs

Maintaining IDS infrastructure, lakehouse storage, and API gateways incurs additional costs for compute, storage,
licensing, and monitoring. Real-time monitoring and security analytics can be resource-intensive, particularly in large-
scale environments.

0 Performance Overhead

Security monitoring, anomaly detection, and encryption processes can introduce latency in data ingestion, query
processing, and API response times. Without optimization, this may impact real-time analytics or critical healthcare
operations requiring low-latency responses.

O Integration Challenges

Coordinating APIs with diverse systems, legacy applications, and IoMT devices can be difficult. Ensuring
compatibility, managing versioning, and maintaining security across multiple endpoints requires continuous monitoring
and updates.

0 Dependency on Cloud Vendor

Implementing this architecture often relies on specific cloud provider services (e.g., Azure Data Lake, AWS Lake
Formation), which may limit portability or flexibility. Migrating to another cloud platform could be resource-intensive
and may require significant architectural changes.

O Skillset Requirements

Operating such a complex architecture requires expertise in cloud computing, IDS, data engineering, API development,
and security compliance. Organizations may face challenges in recruiting and training personnel with the required
interdisciplinary skills.

0 Potential False Positives in IDS

IDS systems, especially those using anomaly detection, can generate false positives, leading to unnecessary alerts and

administrative overhead. Fine-tuning detection thresholds and maintaining system accuracy can be resource-intensive.
IV. RESULTS AND DISCUSSION

Security Outcomes: Simulation results show improved detection accuracy and reduced incident resolution times. False

positives were minimized through machine learning tuning. The IDS successfully identified simulated threats with

>90% accuracy compared to baseline systems.

Performance: Data ingestion rates maintained high throughput (>100,000 records/sec) without significant degradation.
API latency remained within acceptable thresholds under high concurrency.

Scalability and Resilience: Elastic scaling managed load spikes effectively. The architecture demonstrated robustness
against simulated failures.
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Interoperability: Standardized APIs facilitated seamless integration with external systems and Io0MT devices. Policy-
driven access control ensured that sensitive health data remained protected.

Discussion: The unified approach bridges existing gaps by combining data governance, security detection, and service
engineering. Tradeoffs between security and performance were balanced through architectural optimizations.

API engineering forms the connective tissue of this architecture, enabling secure, standardized, and scalable
interactions between cloud services, applications, and third-party systems. APIs expose data and services in a
controlled manner, ensuring that external integrations comply with security policies while allowing operational
flexibility. Key API engineering practices include authentication and authorization via OAuth 2.0 and OpenID Connect,
API gateways to centralize access control and traffic management, rate limiting to prevent abuse, and encrypted
transport protocols for secure data transmission. By combining API engineering with a secure data lakehouse and 1DS,
the architecture ensures both interoperability and security, enabling seamless collaboration between enterprise
applications, healthcare providers, analytics engines, and external systems.

The proposed architecture is designed in multiple layers. The infrastructure layer leverages virtual networks, cloud
compute instances, and storage services provisioned in a cloud platform such as Microsoft Azure, AWS, or Google
Cloud Platform. The data layer consists of the lakehouse, which consolidates structured and unstructured data under
governance policies. The security layer includes the IDS and associated SIEM (Security Information and Event
Management) systems, which provide real-time monitoring, alerting, and reporting. Finally, the application layer
contains APIs, microservices, and dashboards that enable data access, analytics, and external integrations. Each layer is
modular and independently scalable, providing resilience and flexibility.

Security mechanisms in the architecture are multi-faceted. Data at rest and in transit is encrypted using industry-
standard protocols, ensuring confidentiality. Role-based access control (RBAC) and attribute-based access control
(ABAC) mechanisms govern who can access which data and services, reducing the risk of unauthorized access. The
IDS employs signature-based and anomaly-based detection methods to identify known and unknown threats. Log
aggregation and analysis enable auditing and compliance verification, ensuring the system meets regulatory standards
such as HIPAA, GDPR, and enterprise-specific policies. By integrating these security mechanisms at multiple layers,
the architecture embodies the principle of defense-in-depth, providing multiple barriers against attacks.

V. CONCLUSION

This research presents a secure, scalable, and interoperable cloud architecture tailored for enterprise and healthcare
systems. By integrating an IDS-governed data lakehouse with rigorous API engineering practices, the architecture
advances current cloud design methodologies. Evaluation under simulation demonstrates measurable improvements in
security effectiveness, performance, and compliance preparedness.

Healthcare systems particularly benefit from real-time threat detection, secure EHR handling, and interoperable
services. Enterprise systems gain agility and governance for large datasets. Future adoption will depend on
organizational readiness, cloud provider capabilities, and ongoing security strategy evolution.

Overall, the work contributes actionable design principles, performance evidence, and a reference architecture that
practitioners and researchers can refine and adopt.

From a performance perspective, the architecture is optimized to handle large-scale data ingestion, analytics, and API
requests. The lakehouse supports batch and streaming data pipelines, ensuring that both historical and real-time data
can be analyzed efficiently. API load balancing and gateway optimization maintain low latency and high throughput
even under heavy concurrent access. Microservices can scale horizontally, enabling the architecture to dynamically
adjust to varying workloads without compromising security or performance.

The research methodology for evaluating this architecture involves design science research (DSR) combined with
simulation-based performance testing. The artifact—the secure cloud architecture—is iteratively designed,
implemented in a simulated cloud environment, and evaluated against multiple metrics. Security evaluation focuses on
threat detection accuracy, false-positive rates, and response latency. Performance evaluation considers data ingestion
throughput, query latency, API response times, and system scalability. Compliance readiness is assessed by verifying
audit trails, access controls, and adherence to regulatory standards. Multiple test scenarios simulate typical enterprise
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and healthcare workloads, including electronic health record ingestion, loMT data streams, analytics queries, and
integration with third-party APIls. Additionally, simulated attacks such as DDoS, SQL injection, and unauthorized
access attempts are used to assess the IDS’s effectiveness.

Advantages of the proposed architecture include enhanced security, modularity, interoperability, scalability, and
regulatory compliance. By embedding an IDS within the lakehouse, the system achieves real-time threat detection and
response capabilities. APl engineering enables standardized, secure interactions between diverse systems and services.
Modularity allows independent scaling of compute, storage, and microservices components, ensuring cost-effective
operation. Compliance-ready logging, auditing, and governance features support regulatory adherence in healthcare and
enterprise environments. Furthermore, analytics capabilities are improved due to the unified, high-quality data available
in the lakehouse.

However, limitations and challenges exist. The architecture introduces additional complexity, requiring careful
configuration and monitoring. IDS deployment and maintenance may increase operational costs and require specialized
expertise. Real-time monitoring and anomaly detection may impose processing overhead, potentially affecting
performance if not optimized. Integrating diverse systems through APIs requires careful management of versioning,
authentication, and rate limits to prevent disruption. Finally, cloud vendor dependencies may influence portability and
long-term cost considerations.

Results from simulation-based evaluation indicate that the proposed architecture significantly improves security and
performance compared to baseline monolithic cloud systems. The IDS achieved over 90% detection accuracy in
identifying simulated threats, with minimal false positives. Data ingestion and analytics pipelines maintained high
throughput (over 100,000 records per second) without performance degradation. API latency remained within
acceptable thresholds even under heavy concurrent access, and the system effectively scaled horizontally during load
spikes. Compliance-related features such as audit logs, access control, and policy enforcement were fully operational,
demonstrating readiness for healthcare and enterprise regulatory environments. The integration of IDS with the
lakehouse and APIs allowed seamless monitoring and rapid response to simulated security events, illustrating the
practical utility of the design.

The discussion emphasizes the balance achieved between security, performance, and interoperability. While the
architecture introduces additional layers and components, the benefits in threat detection, data governance, compliance,
and scalability outweigh the complexity. Healthcare organizations benefit from real-time monitoring of sensitive
patient data, secure integration of loMT devices, and enhanced analytics capabilities. Enterprises gain a scalable
platform that supports complex workflows, integrates third-party services securely, and provides actionable insights
from consolidated datasets. The research highlights best practices for API engineering, IDS deployment, and lakehouse
governance, providing a blueprint for organizations seeking secure cloud transformation.

In conclusion, this research presents a secure, scalable, and interoperable cloud architecture for large-scale enterprise
and healthcare systems. By integrating an IDS-governed data lakehouse with APl engineering principles, the
architecture addresses critical security, compliance, and operational challenges while enabling efficient data
management and analytics. Simulation-based evaluation demonstrates improved security detection rates, high
performance, and compliance readiness, confirming the viability of the proposed design. The architecture represents a
practical framework for organizations seeking to adopt cloud computing while maintaining stringent security and
governance standards.

Future work includes deploying the architecture in real-world healthcare and enterprise environments to validate
performance under production workloads. Additional research will explore integration with multi-cloud environments,
federated learning for distributed security analytics, and automated threat response mechanisms. Longitudinal studies
can assess operational costs, maintainability, and compliance effectiveness over time. Further optimization of IDS
performance and microservices orchestration may enhance scalability and reduce operational overhead. By advancing
research in secure, scalable, and interoperable cloud architecture, this work lays the foundation for robust cloud
adoption across enterprise and healthcare domains.

V1. FUTURE WORK
Future research will explore the integration of federated and reinforcement learning techniques to further enhance

intrusion detection accuracy across multi-cloud and hybrid environments while preserving data privacy. The framework
will also be extended with zero-trust networking principles and automated compliance validation to strengthen security
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controls in regulated healthcare settings. Additionally, large-scale real-world deployments and performance
benchmarking will be conducted to evaluate scalability, resilience, and interoperability with emerging cloud-native
analytics platforms and healthcare data standards.
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